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MEANS TO DETECT AMOUNT AND DIRECTION OF
SHAFT ROTATION

This inventibn rolates to means to detect amount
and direction of shéft rotation using polarized light.,

There are many instances were it is desirable to
detect and provide an electrical output proportional
to the relative rotation of two shafts or the
rotation of one shaft with relation to a fixed index.
The devices of the prior art of the synchro type
or of the 'type generating a series of pulses to be
counted, both of which are expensive and bulky.

The presenf invention provides means to detect
the amount and direction of shaft rotation with a
minimum of apparaus which may be extremely light
_ wealight. ‘
. In the present invention, the first polarization
means is mounted on one shaft. The polarization means
has a first area for inatanci. 8 center area of one
polarization and an outer ring of a polarization

displlced‘90°. the two portions being fixed together.
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Light'is passed through both ereas and then through
a second polariiing plate of a single polarization.
Bohind the second polarizing plate are mountsd two
photocell pickups, one to recelve light from the first
area and the second to receive light from the second
area. The elements of the first polarizing means are
adjusted so that equgl light is passed through said
areas, then if the first shaft is rotated in one
direction, one photeelectric pickup will receive more
light and the second photoelectric pickup will receive
less light and vice versa.

The amount of light difference is directly
proportional to the amount of angular rotation.

Anothor‘embodimcnt of the invention is also
shown wherein the first polarization plate is on
a'single'polarization and the separate polarization
is provided byll.sepnrate half wave plate.

Accordingly, & principa;'objoct of the invention’
is to provide new and improved means to detect direction
and amount of angular rotation. ‘

Another objocf-of the invention is to provide new -
and improved means to detect direction and amount of
angular rotation using polarization ligﬁt means.

Another opjecﬁ of the invention is to provide new
and improved light means for detecting angular rotation
comprising meéns on 8 rotatable shaft providing two
areas of different po;arization and polarization sensitive

means to detect the light received from these two areas.

Another object of the invention is to provide new © .
" and improved polarizing dight meens for detecting relative

rotation of two rotateble shafts.
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Another object of the lnvention is to provide new
and improved means to detect direction and amount of
shaft rotation comprising, first polarization means
mounted on a rotatable shaft, said polarization means
having a first area of & first polarization and a
second erea of a secbnd polarization at 90° to said
firet polarization, & source of light mounted on one
side of said polarizer and adapted to trensmit light
through said first and second areas, a stationary
polarizer adapted tq'rcceive said light from said
first polarizer,'siid ;tetionary polarizer having a
fixed polarization, & pair of photodlect:ic pickupe -
mounted on the other side of said.stationary polarizer,
-the first of said pickups being adapted to receive
liéht passed through said first area and the second
of eaid pickups being adapted to receive light pessed
through said second srea, whereby if saild shaft is
rotated in one direction, sald first plickup will
reccive more light and if said shaft is rotated in
the other'direction, sald plckup will receive
more light.

These and othor objects of the invention will becoms

" apperent from the following specification and drawings of

whichs ~

Figure 1 is an exploded perspective vioQ of.an
embodiment o% the invention.

Figures 2, 3, 4 are diagrams illustrating the operation
of the invention. | /

Figure 5 is a perspective view of a modification of

the invention.
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Referring to thevFigures. the invention generally
comprises & first polarization plate means 1 which is
@mounted on a rotatable shaft 2, Tho‘polarizing moan:'l
has a first center area 3 which has a first polsrization P
and a second outer ring area 4 having a second
polarization P2 .and which isg 90° displaced from said
first polarization., A source 6{ light 5 1g fixedly
mounted and positioned to pass light through both
areas 3 and 4.

The light then passes through a second
polarization means 7 which has a single polarization PS,
The second polarization méans 7 may be mounted on the
shaft 8 which may be rotatably mounted or locked in
one position. Fixedly mounted beyond the other side
of the plate 7 areag pair of photocells. The photocell 9
is adapted to receive light which is passed through
‘the ring portion 4 and 8 second photocell 10 i
adapted to receive light passed through the center
portion 3. ‘

Figures 2, 3, 4 illustrate the operation of the
embodiment of Figure 1. The polarization means/1 / I/ /l
should be zero set so that there is equal intonsity

to the two photocells as shown in Figure 2.
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Referring té Figure 3, the polarization plate 1
has been rotated clockwise so that the polarization P2
lines up with the polaxization P3 of the element 7.

At the seme time, the polarization Fl is at 90° to
the polerization ¥3. Therefore, the smount of light
passing through the ring area 4 will be greater than
that passing through the centerx area 3 and fhe output
of the photocell 9 will be greater than that of the
photocell 10.

Figure 4 shows the reverse operstion wherein
the member 1 is rotated counterclockwise. In this
position the ring polarization P2 'ls at 90°‘to the
polarization P23, and the center polarizaiion Pl lines
ub with the polsarization P3. Therefore, the center
area will pass more light and the ring area will pass °
less light so that the photocell 10 will have a .
greatsr output than thet of photocell 9.

The amount of light difference is a function of
the amount of rotation.

Figure 5 shows & modification of the invention in
'thch a separate half wave plate ll is used to pravide
the center polarization. In this embodiment & first
bolarization'means 1 which.is fixedly mounted té the
shaft 2, has a single polarization r4 and half wave
plate 11 is also fixedly mounted ta the £heft 2' and
has the property of rotating the polarization-of the
light 90°. Therefore, the operation of the second
polariiation means 7' and the photocellsVQ' and 10*
will be exactly the same as previously described.

Alternatively, the half wave plate may be the ring portion.

Approved For Release 2003/01/28 : CIA-RDP78B04747A003000040012-2



. :] ‘ . )
" Approved ForRelease 2003/01/28 : CIA-RDP78B0474{4003000040012-2

The system may bd used to detect the relative
displ;cement between a hand turned command shaft
and a shaft connected to a load. The displacement or
error signal is then used to drive a servo motor to
keep the load shaft position synchronized with the
handwheel without requiring the operator to supgy any
of the driving torques. |

The advantages of this invention are as followss

1) The light source and light sensitive
détectors need not be & part of the rotating assembly.
These items may be mounted solidly on the base of the.
instrument, there is no physical or electiical
conpection between these parts and the rotating members.

2) The two shafts do not require any mechanical
connectors or electrical connections. An optical path
between the two polarizers is the only requirement.

The shafts may be displaced axially, radially..or
skewed. For large displacements, an optical link
may be used to transmit the information.

3) System is insensitive to displacements, linear or
angular, of the shafts except, of course, for angular
rotation of the shafts about their axes. This eliminates
the need for high acouracy machining tolerances and

precision hearings.

Approved For Release 2003/01/28 : CIA-RDP78B04747A003000040012-2

Cib




Approved ForRelease 2003/01/28 : CIA%RDP7SBO474@003000040012-2

4) Use of a single light source results in a
constant zeéro or null position with bulb voltage
vaiiatién. ‘

5) System sensitivity is adjustable by changing
the reative position of the 1/2 wave pla{e or third
polarizing ring;

6) Since the system does not depend on small
slits or holes, large surface area sensors may be
employed. This increases the possible power gain

.available and minimizes the effect of small imperfections
on the polarizing surfaces.

Aany modifications of the invention may be made
by those who desire to practice the invention without )
departing from the scope thereof which is éofined by
the following claimss [

. _ -7
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I claim:

l. Means to detect direction and amount of shaft

rotation comprising,

first polarization means mcountaed on & rotatable
shaft, said polarization means having a f%;s&_arga of
a first polarization and a second ares ofjn ;e:;:d o
polarization at 90° to said first polarization, ‘
a source of light mounted on cne side of said
"polarizer and adapted to transmit light through said
first and second areas, ,
a second polarizer adapted to recelve said
light from sald firet polarizer, said second
polarizer having a fixed polarization,
a pair of photoelectric pickups mounted on th;
other side of said second polarizer, the first ' ’
of said pickups being adaptod‘to receive light passed
through said first area and the second of said pickups
being adapted to receive light passe& through said
second area, whereby if said shaft is rotated in one
diroction: ;aid first pickup will receive more iight
end if said shaft is rotated in the other direction,

sald second pickup will receive more light.

2. Apparatus as in Claim 1 wherein ona of said

‘areas has a ring shape,

3. Apparatus as in Claim 1 wherein said first polarization
means has only one polarization and a portidn-of the

light is then passed through a separate half wave plate.
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4. Abparatus as in Claim )l wherein said second

polarization means le mounted on a8 second rotatable

shaft.

5. Apparatus as in Claim 1 wherein saild second

polarization means is mounted on a stationary support.
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